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Microtubules get a name
 
rom the mists of early electron
microscopy (EM) images there
gradually emerged, during the
1950s and 1960s, long, rod-shaped struc-
tures. Various investigators missed them,
dismissed them, or called them canaliculi,
endoplasmic reticulum, or filamentous
elements. Finally Slautterback (1963)
and Ledbetter and Porter (1963) gave them
a full description, recognized their ubiquity,
and bestowed their final name, for now still
in quotation marks, as “microtubules”.
“Fibrillae” had been noted in fla-
gella and mitotic spindles as early as 1900,
but their existence and relationship to one
another  were disputed. EM provided
concrete evidence for their existence, al-
though in one of the earliest EM images
of dendritic microtubules the structures
were described as “long tubular elements
of the endoplasmic reticulum, about
180 Å wide and remarkably straight” (Pa-
lay, 1956). Better images of spindle
microtubules came from many workers
including Roth and Daniels (1962), and
microtubules turned up more often and at
better resolution once glutaraldehyde was
added to the standard osmium EM fixa-
tion procedure (Sabatini et al., 1963).
So for Ledbetter and Porter (1963)
the key was not spotting the tubules, but
naming them and realizing that they were
widespread outside the spindle. The nam-
ing made sense because with higher resolu-
tion  what had been called filaments
now appeared as hollow tubes. Such an
appearance was also consistent with
differential staining of two solid mate-
rials, but the literal interpretation of a
tube structure turned out to be correct.
The unification, in which different
fibrils, filaments, and tubules were all clas-
sified as one structure, was an extension of
the better EM resolution. As Ledbetter and
Porter stated, “on the basis of size and
structure there is reason to regard these
[spindle] tubules as essentially identical
with those in the interphase cortex.”
Slautterback (1963) saw similar arrays
of tubules in protozoa, as had others. In
his extensive survey of other’s work he
correctly pulled together many disparate
sightings of tubule-like structures to cre-
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Spindle “fibrils” (top left) were found to be identical to “microtubules” in the plant cell cortex 
(top right) and in Hydra (bottom row).
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ate a unified concept of “microtubules”.
But his subsequent discussion de-
parted  into more doubtful territory. “It
seems reasonable to assume,” he wrote,
“that the membrane bounding the micro-
tubules has properties similar to those
of other complex phospholipid–protein
membranes with which it is continuous.
One of the best established properties of
such membranes is their ability to con-
centrate ions at their surfaces. Such a
situation would greatly favor the ability
to transport ions in the tubule parallel to
its long dimension.”
Slautterback’s idea of a plumbing
system for the cell was based on the ob-
served association between microtubules
and membranous organelles involved in
secretion. Although this idea was not
borne out by subsequent experiments, his
concept of microtubules as a widespread
and consistent structure was confirmed
when several groups described the 13-
protofilament structure of microtubules
(Ledbetter and Porter, 1964; Phillips,
1966; Tilney et al., 1973). 
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There’s DNA in those organelles
 
ractionation experiments in the early 1960s suggested
that certain organelles may contain DNA (see Gibor and
Granick, 1964, for review), but varying levels of nuclear
contamination marred those results. Meanwhile, oddities in ge-
netic transmission chipped away at the nucleus-only theory of
genetic inheritance. But it took direct visualization to convince
most skeptics that organelles could harbor genetic material.
 
Green DNA
 
First under the EM was the chloroplast of the alga 
 
Chlamydomo-
nas
 
. Ris and Plaut (1962) visualized chloroplast DNA both via di-
rect staining by dyes and as DNase-sensitive fibers under the EM.
The fibers were evident only after the use of a staining
procedure designed for bacterial cells, and this parallel gave
the authors an idea. “With the demonstration of ultrastructural
similarity of a cell organelle and free living organisms,” stated
Ris and Plaut, “endosymbiosis must again be considered as a
possible evolutionary step in the origin of complex cell systems.”
The idea of endosymbiosis, in which bacterial cells are
engulfed and modified to become eukaryotic organelles, was
first suggested for chloroplasts in 1905 and 1907. Now it was
seized upon by a young graduate student in Plaut’s laboratory,
Lynn Sagan, who was then married to astronomer Carl Sagan.
She had already seen cytoplasmic incorporation of labeled
DNA precursors in amoeba (unicellular eukaryotes), but not
connected this phenomenon to organelles (Plaut and Sagan,
1958). As similarities between organelles and bacteria
mounted, however, Sagan was convinced that endosymbiosis
was correct. She barraged over 20 journals before finding
one that would publish her seminal paper (Sagan, 1967)
and, after a name change to Lynn Margulis, became the
consummate popularizer of this theory (Margulis, 1970).
 
More than respiration
 
The next organelles to be inspected for DNA were the mito-
chondria, which, says Margit Nass-Edelson, “were always
looked at from the point of view of respiration [rather than rep-
lication].” Nass-Edelson was no exception to this rule. She started
her postdoc intending to study whether different parts of the chick
embryo showed different levels of mitochondrial respiration during
development. An EM was a recently acquired tool at Stockholm
University, so she and then-husband Sylvan Nass started looking.
The DNA-containing regions of mitochondria “stood out because
of their characteristic staining patterns,” says Nass-Edelson. “As
soon as this thing with the mitochondrial DNA came up, that pretty
much changed the whole picture and I strictly focused on that.”
Uranyl acetate treatment of the EM samples dispersed
clumped fibers of mitochondrial DNA so that they resembled
DNA seen elsewhere (Nass and Nass, 1963a), and after
lighter fixation DNase was able to digest away the fibers
(Nass and Nass, 1963b). “When we consider,” said the
authors, “that no other 
 
naturally occurring
 
 structure thus far
studied has 
 
all
 
 the properties discussed, with respect to fixa-
tion, stabilization and staining, the unavoidable conclusion
F 
Fibrils (arrows) represent the first sighting of DNA in chloroplasts 
(top) and mitochondria (bottom).
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appears to be that the mitochondrial fibers contain DNA.”
Confirmation came with better isolation methods for mito-
chondrial (Luck and Reich, 1964) and chloroplast DNA (Sager
and Ishida, 1963; Gibor and Izawa, 1963
 
)
 
. Gibor and Izawa
got around the contamination problem by extruding chloroplasts
after enucleation of the giant unicellular alga, 
 
Acetabularia
 
.
Kisley et al. (1965) also confirmed that DNA was present in
the chloroplasts of higher plants. The eukaryotic cell had now
officially become a more complicated genetic entity. 
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